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INTRODUCTION

The use of PVC pipe is 1ncreas1ng rap1d]y for pressur1zed p1pe11ne systems
Plastic pipe is read11y available in'sizes ‘up through 12 inches in diameter
with larger sizes com1ng on the market. The Soil Conservation Service is be-
coming more involved in the application of PVC pipe for sprinkler -irrigation
systems, and more information is needed in-the field on how to evaluate this
pipe in quantitative terms. This report has been prepared to discuss some of
the more common.questions that arise, particularly relating to the criteria
g1ven in the National Handbook of Conservation Practices, Standard 430-DD.

It is based on published information; technical papers, and personal experience.
Included in the report are two ca]cuIator programs for the TI-59 programmable
calculator which is now being used widely by SCS Engineers. The programs have
received Timited use and need further testing.- Any comments from users would. :
be welcome. _

The information presented is not intended to be a complete study on the subject
of waterhammer or on external design-of pipelines. Both subjects are complex
and are affected by a great many variables and uncertainties. Experience has
shown that shortcuts can be made in actual practice that greatly simplify the
calculations. However, it is necessary that a certain amount of conservatism

_be app11ed when bypass1ng the more r1gorous analysis to compensate for variables
. ed. It i t

:iﬂthe*anformat1on nresented w11] be

'* ___,___WAT:ERHAMF?ER.

| National Handbook of Conservation Practices, Standard 430-DD describes.the

design criteria and Timitations of high pressure plastic pipe and appurtenances
used in irrigation systems. In the section on Working Pressures and Flow Velo-

. c1ty, it says, "As a safety. factor against” Surge -or waterharmer, the work1ng
pressure should not exceed 72-percent of the pressure rating of the pipe, and
“the. des1gn flow ve]oc1ty at system’ capac1ty ‘shall not be greater than 5 feet per

second. [ If either of these limits is exceeded, special consideration must be
given to the flow condition and measures to adequate]y protect the pipeline
against surge." The purpose of this discussion is to expand on the reasons for
these Timitations, to discuss protective measures, and to show calculation pro-
cedures for waterhammer in PVC pipe. Included as Appendix 4 is a paper entitled
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"Waterhammer Ca1cuat1ons'for PVC Pipe11nes in Irr1gat10n Systems“, by W. R. -
Seipt. This paper is an excellent discussion for the subJect and is the basis RN
for much of the material in this Techn1ca] Note. : ‘}

In the simplest terms, waterhammer occurs when water flowing under pressure in
a pipeline is subjected to a change in velocity. The energy contained in the
flowing water causes pressure surges as the velocity change takes place and a
new. energy. balance is being established. The magnitude of the pressure surges,
or waterhammer, depends to some extent upon how fast the velocity change occurs.

Pressure surges as high as 15 times the initial pressures have been recorded in -

laboratory tests. These surges travel up and down the pipeline from end to end

at sonic velocities, the magn1tude remaining fairly constant dampened only by

-water and 1rregu]ar1t1es in the pipe, pressure relief valves, bends, reductions
~in pipe size, and interference w1th reflected waves.

CAUSES AND PROTECTIVE MEASURES

The more common causes of ve]oc1ty change . in a constant s1ze p1pe]1ne are listed
be]ow . _ , ,

1_1. _Opening;or.clostné_a'va1ve;; |

-gtéia:Starting‘omEstoppfngfaipump.‘:‘-

'ffssi'Movement qfné%éfAiqng,A{B{peiine;. ?

4. Sudden or'fapidiremoual‘of.air‘fmom_a.pipe]ine. ) . ' 4/€§

5. MWater co]umns'that:had been Separated in a pipe length coming back
together. -

b Rapid filling of an empty pipeline.

0pen1ng or C]os1ng Va]ves

The most common. activity. a]ong -a p1pe]1ne is_the. operat1on of valves. The move-
; ese- x ybstanti ];'hanges -in pipe flows and velocities.
Al lves. p R rg wpressures can be induced into the
~system.  To m1n1m1ze~ risk, de51gners commohly employ . gear driven valve oper-
ators which require a significant number of revolutions to move the valve from
open to closed position, which takes a predictable amount of time to accomplish.
It is common to find that c]os1ng times may range from 60 seconds to 5 minutes
or more to keep the pressure rise at acceptable levels. Quick closing valves or
butterfly valve operators that move only 90 degrees from full open to full closed
are not recommended

Start1ng or St;pp1ng Pumps

Pump operat1ons can cause excess1ve pressure surges in the pipeline system

. Starting up can send a large volume of water up the pipe at a rate that does not
allow time for air to be exhausted through air vacuum. valves at high points or oy
-at-ends of 1ines. - The impact as. water hits this air cushion can cause surges }
as. we]] as when the air beg1ns to move up or out of the pipe after the water has -
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come to a stop. Since air can move so much faster than water, a substantial
surge can occur when water flows to fill a void created when the air moves.

Shutting down a pump creates a different but equally dangerous situation. The
flow of water: in the pipe must come to a stop and reverse directions to flow
“back towards the pump. - If the pipe profile is undulating, then flow may reverse
directions in several sections of pipe.  All of these locations could experience
pressure surges under.certain conditions: when a column of water impacts upon
another column of water or upon some- so]1d obJect such as a regulating valve,
~ pipe end, or a check valve.

The problem of pump operat1on is magnified if pumps are subject to power outages
and can restart automatically without substantial delay when power is restored.
If flow is occurring in the reverse direction when the pump restarts and intro-
duces a fresh surge of direction changes, the pressure surge can be dramatic.

In addition, since water still fills the low areas in the pipeline, the new flows
‘will- impact the standing water much as it would hit a dead end, or, even worse,

- a substantial cushion of air may be trapped between the two columns of water.

“This situation becomes explosive as the pressure builds and the air compresses,
then sudden]y moves toward a h1gh po1nt in the pipeline.

The most’ common means of a11ev1at1ng these kinds of problems includes the use
of spr1ng-1oaded checkvalves at the pump which will close before flow reversal
- takes place when the pump shuts down: -An even better device is a solenoid oper-
“ated valve that automaticallyicloses as soon as the power goes off and before
the flow reversal begins. In both of these measures, the idea is to keep the
pipe full of water, not allowing reverse flow or water column separation when
the pump shuts down: If automatic restarting is not needed, a good practice is
to install a manual valve near the pump and always start it against a closed
- valve which can be gradually opened at an acceptable rate of filling for the
pipe. The designer of ‘this type of .system-must be sure that the pump and motor
fse]ected w111 not’ be damaged by operation in this manner.

Other devices such as t1me delay relays, pumps that allow backflow through them,
and surge anticipation valves, surge tanks, and pressure relief valves are used
. to limit pressure surges”to acceptable 1evels \

1V1rtua11y all 1rr1gat1on water conta1ns some percentage of dissolved air. A
poorly designed intake structure of pump intake system can contribute additional
quantities of air which will tend to ceme out of solution as the pressure in the
system fluctuates. The air accumulates along the top of the pipe and works toward
_ high points ‘where, hopefully, continuous acting-air-vacuum release valves have
. been installed to remove the air in an orderly fashion. Unfortunately, for reasons
'that are not comp]ete]y understood, the air sometimes collects into sizeable pockets
.along the” top of the pipe and-then ‘suddenly "squ1rts" to another location. The air
‘moves so much faster than water that a void.is created and water rushes from all
directions to fill the void literally crashing into the pipe walls and -into itself.
... In some cases, this can cause substantial pressure surges. Obviously, this prob]em
.. is much more common in. pipelines:built on very flat terrain where the air can
i _accumu1ate over 1ong sect1ons before co]]ect1ve movement occurs. :
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-

Sudden or Rapid Removal of Air Fron a Pipeline | N

If a s1zeab]e air pocket is allowed to accumulate in a pipeline, then compressed : j}-
as pressure is applied, a highly explosive pressure surge will occur if the air :
is suddenly evacuated. Some farmers have been unwilling witnesses to this type

of surge when they opened an irrigation riser in a section of pipe where air has
accumu]ated Manually operated air release valves are not recommended for this

- “reason. It is essential that all poss1b1e precautions be taken in design and
installation to prevent "traps" where air can accumulate during pipeline opera-

tion. If the pipe is carefully laid to a uniform grade with continuous acting
air-vacuum valves at all high points, this problem should be minimized. In the

case of very flat grades, add1t1ona1 air-vacuum va]ves may be installed at 1000

foot to 1500 foot ‘intervals. :

water Co]umn Separatlon-'

Water column separation is generally associated with starting or stopping. pumps

but may occur under other conditions. If the demand for water out of a system
fluctuates widely, pressures could drop enough at some h1gh points to create a

slight vacuum and cause an air-vacuum valve to 1nJect air into the pipe. Other
 examples would be when-a gravity inlet to the pipe experiences intermittent

plugging with debris or when a fluctuating water supply does not provide enough
fwater'tprkeep?up-with the demand at all times. Once the air. is trapped inside

. the pipeline, then the situation is as described -in the two. preceed1ng sections.

‘The best solution to this problem is to prevent the introduction of air into the
system if at all possible,: through better design at the inlet and better -operating B
procedures to prevent w1de1y f]uctuat1ng f]ows ’ . ’M}

Rap1d Filling of an Empty Pipeline

Many exper1enced pipeline designers feel that the most critical time in the Tife

. 'of a pipéline is during the filling process. It is dur1ng this time that the
opportunity for pressure surges is greatest because air is be1ng evacuated as the
pipe fills. Low po1nts in the line fill first and create a-series of separated
water columns in the pipe. If the filling rate is greater than the capacity of
the air-vacuum valves to remove air or if any air-vacuum valve malfunctions, then
substantial air pockets may be trapped in the line as the pressure rises with all
. the dangers previously described., It is essential that pipelines be filled sTowly
~and careful]y, with someone checking each air-vacuum valve as it is evacuating

r'v'f: the air to be sure that it funct1ons proper]y and doesn' t close unt11 all the air

 good success.

_15 gone

DESIGN CRITERIA

‘In an attempt to avo1d ‘the tedious and difficult computations for waterhammer in
routine :pipeline design, PVC pipe manufacturers have made recommendations of limits
- for designers to use that should provide an adequate safety factor to accommodate

- “surges -under normal conditions. The values quoted from the NHCP represent these

+ recommendations and have been widely used by designers both in and out of SCS w1th

fl

~In many cases 1t is not possible-or nract1ca] to des1gn within the genera] ]1m1ts VVI
described in Standard 430-DD. The progect may be more comp]ex and should be con-<. i
s1dered as beyond the “normal conditions" suitable for using generalized assumpt1ons
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When this occurs, the standard a11ows the designer to make a more detailed analysis.

"If either of these limits are exceeded (design pressure exceeds 72 percent of the

pressure rating of the pipe or velocity exceeds 5 feet per $second), special consid- >
~eration must be given to the flow cond1t1ons and measures to adequately protect

the pipeline against surge."” :

A realistic review of the causes of ve]oc1ty change reveals that once the air-vacuum
valves and pressure relief valves are in place, nearly everything else h1nges on

the operation of the system by the users. If a pump supplies the pressure, then
stopping and starting the pump is a critical factor in-the evaluation. - The oper-
ation of valves and filling procedures are critical factors in both pumped and _
gravity pipelines. The designer must make an honest appraisal of expected. operat1on
procedures before a meaningful calculation of waterhammer can be made :

WATERHAMMER CALCULATIONS

Determination of the actual amount of pressure rise due to waterhammer will usually
clarify what remedial measures may be needed to assure safe operation of the pipe-
Tine. Often the decision is an economic one comparing the costs and benefits of
installing a stronger pipe versus siow-closing valves or a combination of both.

Generalized equations. for the caiculation of pressure rise due to waterhammer: are
rather cumbersome, but can be simpiified considerably when evaluating PVC: pipe
specifically. When considering instantaneous closure (def1ned as ‘when’ the ve10c1ty
change occurs in less than 2i /a)i the Dressure rise is simply 79.22 times ‘the
- change in velocity divided by {3DR-0 443) 2 where L is the length of pipeline

: affected by the pressure surge, in feet; a is the velocity of the pressure’ surge
in the pipe, in feet per second; and SDR is the standard dimension ratio or the,
ratio of outside diameter tc wall thickness. This means that water flowing to a
dead end of a pipe or by clesing a valve in less time than double* that calculated
above will create an increase in pressure in the pipe to the magnitude‘calculated.
The PVC pipe to be used in this case must have‘a pressure rat1ng greater Lhan the
sum of the operating pressure plus the calculated pressure rise. :

If the velocity change occurs in a longer time than that calculated above, the
magnitude of pressure increase may be substantially less than for instantaneous
closure. .. The. _pressure rise is usua]]y determ1ned for th1s cond1t1ondby ca]cu]at1ng
coeff1c1ents requi 3’ che *th ' A :
time is requ1red in determwnrnq the coefficients.” The chart’ y1e1ds a percent of
- pressure rise which can easily be converted to feet and/or psi. for a prob]em at
hand. Again, this value is added to the operating pressure required and a pipe is
selected with a pressure rating areater than the total pressure. As an alternative,
a slower valve c]osvng time mav he selected and the procedure used to find the
resulting pressure rise. This process may be cont1nued to find the most practical
combination of pipe strenatP and vaive closing ‘time. Care must be taken to-insure .
that the selected valve ~1r<1nﬁ time* is one that can realisticallybe expécted to
occur in actual practice. ' o o I

} *The actual closing time must be double that used in calculations because more
o’ than 90 percent of the fe'ﬁr"u change will take place while closing the va]ve
only 50 percent for most twoes of valves.
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A program has been developed for the TI-59 programmab]e calculator (Appendlx 1) C
to perform the pressure rise calculations described above for PVC pipe. It is T,
also designed to perform the hydraulic calculations for PVC pipe in accordance iﬂ}
with the criteria in NHCP. The user can either solve for. flow rate, Q, or for

head loss due to friction, H,, for a given set of cond1i1ons Successive trials

with varying cond1t1ons can ke easily performed. ' '

The waterhammer analysis is stra1aht forward but is limited to single pipe sizes
and requ1res the use of the Alljevi Chart (Appendix 2) to find the percent pres-
sure rise for timed closures greater than the critical closure time. Idaho
Appendix #4 to the Engineering Field Manual (Appendix 3) provides needed PVC pipe
properties to use in the input data. Several trials of pipe sizes and pressure
ratings can be performed rapidly to find the best combination of pipe strength
and valve opening speeds.

A

fj ~ EXTERNAL LOAD DESIGN OF FLEXIBLE PIPES

It is common practice to specify a minimum depth of co\ r~over p1pe11nes without .
any further concern about the support1ng strength of thBe pipe. As more pipe . .
failures are being reported, it is becoming apparent that des1gners should take

a look at the external loads that are being applied. to the p1pe11nes and determ1ne

- that the p1pe has adequate strength to support that load.

.. detey
-~ the.

Bur1ed flexible pipes derive their ab1]1ty to support externa] loads from the1r T
inherent strength plus the.passive resistence pressure of the soil as. they deflect ;}
and the sides of the pipe move outward against the soil side fills, This type of .

pipe fails by excessive deflection and collaps1ng or buckling: rather ‘than by

rupturing of the pipe walls as in the case of pipes made of brittle materials.

For these reasons it is essential that the designers and constructors have a.common
understanding of the nature of the bedding and backfill mater1a1 around the” p1pe
Specifications must be clearly written so that the contractor can install the

material as the des1gner intended to give adequate supﬁbrt to the p1pe walls.ces.

From th1s it can be seen that the des1gn of flexible p1pes is directed toward
'Jnat1on of the amount of”" tion that can be expect'd to occur, g1ven
ds;aqd strength of’ the ;andﬁso11 around the s1des L

tDESIGN PROCEDURE

The Mod1f1ed Towa Formula is one of the most widely used equations for f1nd1ng
the amount of deflection in flexible pipes. Its solution yields the deflection
in the horizontal direction. Since the pipeline des1gner needs to know the
vertical deflection, a simple relationship exists in that the vertical deflection
is approximately 10% greater than the horizontal deflection. ' The’ Mod1f1ed Towa
Formula is generally written:

D (K) (We) v
EI + 0.061 (E') r3

AX

]
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Where: D = Déf]ection lag factor
K = Bedding constant
WC = Total load on the pipe, in pounds per linear inch
r. = Mean radius of the pipe, %n inches o
E = Modulus of elasticity of the pipe material, in psi
I = Moment of inertia of the pipe wall per unit length, in inches3
E' = Modu]us of soil reaction, in psi
Ax -f Horizontal deflection or change in diameter, in inches

The deflection 1ag'factor is an empirical value selected to compensate for the -
time period over which the pipe will continue to deflect. It ranges from 1.25
to 1.5.

The bedding constant depends upon the angle subtended by the pipe bedding'and
ranges between 0.08 and 0.110.

The load on the pipe, WC, is composed of the sum of the superimposed 1live load and
the weight of the soil on top of the pipe. The live.load usua]]y ranges between
16,000 pounds (HS 20) -and 10,000 pounds. . An impact factor is commonly applied to
11ve loads for pipes with less than four feet of cover. This factor usually ranges
from 1.1 to 1.5. The dead load used in this equation is the weight of a prism of
soil over the pipe. .No adjustment is made for varying trench widths as in the
Spangler equations. B '

The modulus of soil reaction has been derived empirically by examining over 1000
buried pipes. It has a significant effect on the deflection of the pipe and must
be carefully selected to represent actual field conditions. It is essential that
the specifications and on-site inspection be adequate to insure that the installa-
tion will achieve the conditions assumed for the soil modulus selected. A program
for the TI-59 has been prepared (Appendix 5) to solve the Modified Iowa Equation
with a minimum of input data by the user.  Conservative values have been pre-selected
for the deflection lag factor and ‘the bedd1ng constant ‘and inserted in the program.
The program automatically calculates the vertical def1ect1on in percent and in
inches based on the users input conditions.

APPENDIX
1. TI-59 Program for PVC Pipe Hydraulics and.waterhammer Analysis.
2. Allievi Chart for Finding Pressure Rise Due to Waterhammer.

3. Plastic Pipe Dimensions, Idaho Appendix #4, Engineering Field Manual.

‘4. "Waterhammer Calculation for PVC Pipeline in Irrigation Systems", by W.R. Seipt.

5. TI-59 Program for External Load Design in Flexible Pipe.
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PVC PIPE HYDRAULICS AND

Appendix 1

No-

TITLE __WATERHAMER ANALYSTS PAGE_1 _OF _L
PROGRAMMER ____Karl Larson
63939

PROGRAM DESCRIPTION

Printer

Yes

Tl Progremmable ,io
oate_tev, 1981 Program Record X

Cards 2-li sides

q =138 (0) () (&%) (57

User éan solve for either flow rate > Q, or head loss, Hy, in the hydraulic portion
Basic equatlons are the Hazen-Williams using a coefficient of 150.
1.852

of the program.

3 (L) (Q

)

) and H = b.7
. L'

To find Q, the user must input the inside pipe diameter in inches, aznd the slope of
To find head loss, the user must input pipe
The calculator finds the unknowns and

the hydraulic grade line in feet/foot.
length in feet and pipe diameter in inches.

IV(.‘SZ (DLL (‘()

prmts pipe cross-sect:.onal area and velocity.

_ _USERINSTRUCTIONS _
STEP PROCEDURE ENTER PRESS , . DISPLAY
1. __Set partition ' b fend|oOP]| 17| 639.39
2. | Insert Magnetic Cards-. _Zf_gards both s:.des - 1,2,3,k 1.,2.,3.5h.
|3 | I0OFNDQ - e
' a. Input :ms:.de p1pe dlamater in 1nches , A Prints DIA
| b+ Input slope of HGL,in ft./ft. -~ -~ ‘B | Prinits S° 7
—.|.7ce__To begin cales for Q, in efs. .. __._. | . .- _ D .. Prints Q ..
Finds pipe cross-sect. area, in square feet Prints A
""" - "—“"'Finds flow velocity, in feet per second Prints V -
L. | TO an HEAD LOSS
~-{ a: ~Input pipe length™in: feet ~ - 2nd A Prts L~~~
-wco-|.bs”_Input pipe diameter in inches. .. . .. _| RZS| | Prts DIA (in Et,
c. Input Q in cfs R/S | Prts Q
. " T¢alculates head loss in feet - T 7| Pris HL
_______ ______calculates cross-sect. area in sq. ftd - .. ... - | Prts A
calculates veloc:.ty 1n feet per. second

Prts. V

USER DEFINED KEYS -

DATA REGISTERS (7 2 ) LABELS(Op08)
A o 0 W _ e [0 _T G _ =
s ! ' [ _ 8 _ R _ s _ 3T _
L 2 2 w0 0TSm0
) 3 3 Ger _—i_[FH_ 3 _BRE__T
£ . . e _E=E_m_EO-EFLES
. . ) sa BN rew NS 11 R oo B cr< O |
' i+ QN - B ) QO eSO s SO o
d ¢ 5 it S ocz I -~ O o D - 0 B0
v ’ 7 B R _ M.
" .. s M _OO_E3 M - B3
(3 _ g 9 -dov S 1a-
FLAGS o Rl .2 3l ‘ 5 5 7 si sl
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TITLE__WATFRHAMMER ANALYSTS paGE 1 _oF_L _ T| Progrommoble

PROGRAMMER__Karl Larson e vov. 981 Coding Form

[LOC ICODE] KEY | COMMENTS [|LOC [CODE] _KEY | COMMENTS ||LOCICODE| KEY | COMMENTS
oo re tey . [opwt ID-lasst ol o: o igoes e |
g i1og | indnches)ase 45 v 111 04 04!
2% FRT. S| osToe . 112 43 REL ¢
=% - o+ .. ... losE 03 S . 112 04 o4l
nT o1 . _.los9. 04 & . iisg. &9 OF
oz 2 | T lasn es o= [} fl i3 05 05 ftprts A
o5 o= b |l o1 &5 = . ile 35 174 L
iz osto | loezo 53 &[] o 117 85w _
a0 N0 |l os3 a3 ROL 118 43 mRCL|| T
a1 ot || 084 o000 00 S H T UCH 1 | I
st 06 6 || .. | 08T 55 % || 2D 25 = e
011 npz o2 || |oee ga o4 || | 12242 ST
a1z o4 4 Ll “Jaoay oss o Lo} oS o3 f
Lotz o1 1ol . 1mn ae 45 o vE bl 123 04 4 L B
TR T Sl I I B £ T = S I I iz gz 2 || ..
15 &9 OF L R B ik 1 R £ - ST L 25 &3 OF o o
ST v Y I D s s T v h- I (A— | 120 04 08y .
a7 43 RCL ' 072 95 = 127 4323 RCL e
aie oD ool 073 &5 _1z22 03 o
a19 52 0r | DRI i Vi TR 123 &%
G20 o o0&l |ertsDIA . OFS 00 Jizn 05
azi 9t ges| | 078 33 _i3l o F1ORA3 ,
7= 7& LEL | |Input_slope 077 53 = _13Z 75 LEL{|_Input_pir,
gz 12 B | |of HGL ~ 0OvE 02 133 13 E 1) length__
7 47 510 L __'_-_;__._._ 79 &5 = RiR 138 42 5B .
o1 oif4____ ooeoo o829 WL 1352 05 05 o
oz = Ll o8l &5 w4 il ize 02 & %___,ﬂ___
s 5 Ll g2 o ot [ I { R - S T
S ga T E osz o2 o9 () el izg &3 OF || B
Lo 8 O I -1 T « R S 3 02 05 _
az roL|L loss o9z . L) 140 43 RCL B
01 il ngs o7 7oL -t tal g Os:} .
¢ o |l | 087 ag =1 . 142 &2 OF (| __.
06 oa)fPrt. S aga 42 STO| | . vll_14® o0& 0el) Prts L
et gl | ees oo oos| | f|.i#d 43 RCLUL
7 opep 4L o] 090 02 = _oopan oozoo0z )
12 ¢ ||Topet SDR | o210 04 -4 R | L= e - T I D
42 sTol | | 0922 &2 OF | DR T R I R
oz o2 || G323 04 1 I 142 04 4 0y
0z 2 il | o4 43 R R | - 1 T el B
Az & bp . y0%3 03 e 150 0z 3 .
o1 § ges eagr (|77l istoss o= L) _
i i e i E Prts Q... 152 34 A o
nas 43 ROL 133 353 1. R
D | T R 1 0 T 154 55 o
100 33 HE 133 05 3| '
iy 55 0+ T S
iz 04 4 - 157 43, F L
103 &% = H oz 2
P . ! a5 = e
105 95 = ) MERGED CODES
10s- 22 ST0 i 62 K 7250 - 83w K2
{67 na 04 EIE Nl S4ES I
ceioo=T T . GAEIICE 745w 1 927wy s
=hE ':§ : ' TEXAS INSTRUMENTS
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PVC PIPE HYDRAULICS AND
WATERHAMMER ANALYSIS

TITLE

PROGRAMMER Karl Larson - DATE Nov. 1981

No

Tl Programmable
Prcgrom Record ©

Yes

-
-5
/

N
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PROGRAH DESCRIPT!ON

Printer

Cards 2-Lisides

Waterhammer program is based on a constant size pipe and a definable length. User must
input the outside diameter-wall thickness ratio (SDR) for the trial run, the expected
velocity change, and the length of pipe. The calculator finds the critical closure
time (2L/A) and the magnitude of pressure rise for the so-called "instantaneous
closure". User can then input the designed operating pressure and the calculator w111
find the velocity of the pressure wave, C, and the pipeline constant, K. User then
inputs the trial closure time (which must be greater than the 1nstantaneous time found
abOVe) and the calculator finds the time constant, R. The values of K and R:.are used
-in the Alljevi Chart to find the percent of pressure rise, which is 1nputted in the
} . USER lNSTRUCTIONS total pI’FSSDI‘ on the swmtem
- STEP PROCEDURE ENTER PRESS - ‘DISPLAY.
I Input expected velocity change 2nd}j D Prints DELV
24 Input trial SDR _ H Prlnts SDR
1 3. Input 1ength of plpe in feet E | Prlnts L
R “Cadlculator finds ¢ritical closure time - ' | Prints 2L/A
- b..__“__ﬂ_"._u_flnds magnitude .of pressure rise in psi | .. Prints DELP :
ol Input design operatlng pressure in psi ' 2nd{ B Prts HO (1n feef
| 7| aJ Calculates velocity of the shock wave | o T Prts C
| b.-—Flnds pipeline constant, K - N R - ~ | Prts K - —
}] .5..| Input_trial valve closure time in seconds .[.. . .. ... |end|. . C Prts TC
o a. Calculates time constant, R Prts R
"6, | Using XK ‘and'R in the Allievi Chart, find the
—---|-pressure-rise, -N, in percent ---—-—----- e -
7. { Input N from the Alllev1 Chart : . R/S Prts N
"7 | a. Calculates the actual pressure rise in |feet ‘ Prts HFT
——| be--Finds pressure-rise in psi - — - A T -~ | Prts HPST - -
_____ c. Finds total pressure on the pipe syste o } Prts HIOT
N s THIS PRO SRAM CANVOT BE USED FOR ANY OTHER PIPE THAN EVC AS
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' COMPUTATION SHEET ' : . U.S. DEPARTMENT OF AGRICULTURE

SCS-ENG-523 Rev. 8-69

SOIL. CONSERVATION SERVICE

STATE

PROJECT,

Idaho L , All Jobs =
BY DATE |CHECKED BY DATE JOB NO.
P KDL . 4/2/82 L
K SUBJECT o IR ' . -
~PVC Pipe Hvdraulics and Waterhammer Analysis ' sHeeT 1 oF___2

EXAMPLE PROBLEM

Given: Design operating pressure = 65 psi -
Trial Pipe Diameter = 12" Nominal PIP, SpRr = 41

Slope of Hydraulic Grade Line = .01 ft/ft.
Length of Pipeline = 1,320 feet,

Procedure

1. From Appendix 3, find inside diameter is 11'64'i“Cheg;'
Input 11.64, Press A.. .-

2. Input 0.01, Press B.

_ .,3f Press D.
Y Results
1. CaTcUTét&r'pfintg out é;gzz_cfs}
2. Cross-section area of pipe = 0.739 feet.
3. Flow Velocity is 6.736 feet/second.
Check watéfhammer for a valve closure at the end of the bipe]ine.
 ;1.' Iant[Change'in:velociiy = 6.8, Press second D.
2. Input SDR = 41, Press C.
3. Input length of pipe, L = 1320, Press E.
4, Ca]cu]qfor prinfs out critical closure time, 2L/A = 2.85 seconds;
. 5. Ca1cuiator prints out the pressure'rise, bELP, for any valve closure
time less than the critical time. DELP = 84.59 psi
| ) ’ NOTE: This pressure rise could be expected if the pipe were filled too
! rapidly with the desion Q against a closed valve or the deadend of

the pipe, as well as when closing the valve in less than 2.85

seconds. (Actually the minimum closure time is 2.85 x 2-= 5.70 '

seconds. See footnote on page 5 of Technical Note.)
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' COMPUTATION SHEET : U. S. DEPARTMENT OF AGRICULTURE

SCS-ENG-523 Rev. 8-69 ST e .. SOIL CONSERVATION SERVICE
STATE R PROJECT B . aon
Idaho A1l Jobs ; : -"“"i}
BY . DAT, CHECKED BY DATE. - : JOB NO. : _ 3
~ KDL 4/3/82 oM .f
SUBJECT ’
[C Pi i SHEET._ 2 __oF___2

6. Check effect of slower valve closure. Input design operating pressure
= 55PSi. P_Y‘ESS SECQnd B. | R

7. Calculator prints shock wave velocity and the"pipe]ine constant, K = 0.65.
8. Input trial valve closure time = 20 secbnds._ Pfess second C.
9. Calculator prints‘the Time constant, R = 7.01.

10. Using K and R found'above, enter the Allievi Chart (Appendix 2) and find
the percent pressure rise = 1.11. '

~11. Input percent pressure rise = 1.11, Press R/S.

- 12, Ca]cuiator prints pressure rise, in psi, HPSI = 7.15, and Total pressure
on the pipe, HTOT = 72.15 psi.

This means that if the actual valve closure time is greater than 20 x 2 = fi}
40 seconds, then pressures in the system should not exceed 72 psi. ;
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A_xis of Time Constant R =

Appendix 2 -
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Given: 0=4,0001ps ; L=20001t;T=5.5sec.

H°=IO0H'. V,=81ps :
Lo o FIGURE I3 -
| FIRGTRESSK=4.96 fhen N228:07H00 - EXCESS PRESSURES RESULTING
Reference : Enqmeermg TOpICS 3 (AP) FROH WATER HAHMER -

PRELIMINARY DRAWING, SUBJECT TO REVIEW

VIB44CI-FORTLARS, ORES. 1€T4
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Appendix 3

' PLASTIC PIPE DIMENSIONS

IDAHO APPENDIX #4
ENGINEERING FIELD MANUAL
Rev. 12/81

0.D.

8" IPS

Pipe Diameter PSI Rating I.D.

- _And Type -« : PVC 1120 & 1220 Inches Inches
4" Nominal - - 4.00

4" PIP Lowhead .22 4.13 4.00

4" PIpP _ . 50 4.13 4.00
4" PIP SDR 51 . - 80 4.13 3.968 -
4" PIP SDR 41 100 4.13 - 3.928 .
4" PIP SDR 32.5 125 4.13 3.876 -

- 4" IPS SDR 64 63 4.50 4,360
4" IPS. SDR 41 100 4.50 4.280
4" IPS SDR.-32.5 125 4,50 4,224 -
4" TIPS SDR 26 160 4.50 4.154
4" IPS SDR 21 - 200 4.50 4.072
5" Nominal . -- -- 5.00 .
5" IPS SDR 64 63 5.563 5.389
5" IPS .SDR 41 100 5.563 5.291 "
5" IPS SDR 32.5 125 5.563 5.221
5" IPS SDR 26 - 160 5.563 5.135
5" IPS SDR 21 200 5.563 5.033
6" Nominal -- - 6.00

6" PIP Lowhead 22 6.14 6.00

6" PIP 50 6.14 5.988 -
6" PIP SDR 51 80 6.14 5.900
6" PIP SDR 41 100 - 6.14 5.840.
6" PIP SDR 32.5 125 6.14 5.762
6" IPS SDR 64 63 6.625 6.417
6" IPS SDR 41 100 6.625 6.301
6" IPS SDR 32.5 125 6.625 6.217 | O
6" IPS SDR.26 160 . 6.625 6.115 | .0,
6". IPS SDR 21 :.: 200 . 6.625 5.993 1} .
8" Nominal - - - -- - 8.00
8" PIP Lowhead 22 8.16 8.00 .
8" PIP 50 8.16 7.958
8" PIP SDR 51 80 8.16 7.840
8" PIP SDR 41 100 8.16 7.762-
8" PIP SDR 32.5 125 8.16 7.658
8" IPS SDR 64 63 8.625 - 8.355
8" IPS -SDR 41 100 8.625 8.205
8" IPS SDR 32.5 125 8.625 8.095
8" IPS SDR 26 160 8.625 7.961

SDR 21 200 8.625 7.805

(Cont.



NDIX #4

IDAHO APPE -2-
ENGINEERING FIELD MANUAL
Rev. 12/81
Pipe Diameter PSI Rating 0.D. I.D. Area
And Type PVC 1120 & 1220 Inches Inches Sq. Ft.
10" Nominal - R 10.00 0.545
10" PIP Lowhead 22 10.20 10.00 . 0.545
10" PIP : 50 10.20 | - 9.948 - .0.540
10" PIP SDR 51 80 10.20 9.800 . 0.524
10" PIP SDR 41 100 10.20 9.702 |  0.513
10" PIP SDR 32.5 125 10.20 - 9.572, 0.500
10" IPS SDR 64 63 10.750 10.414 0.592
10" IPS SDR 41 100 - 10.750 10.226 -  0.570
10" IPS SDR 32.5 - 125 10.750 10.088 | ~ 0.555
10" IPS SDR 26.0 160 10.750 - .9.924 0.537
10" ‘IPS SDR 21.0 200 10.750 9.728 - . 0.516 .
12" Nominal - - 12.00 - 0.785
12" PIP Lowhead 22 12.24 12.00. | . 0.785
12" PIP ' 50 '12.24 11.938 | - 0.777
12" PIP- SDR 51 80 12.24 - 11.760 ;  0.754
12" PIP SDR 41 100 12.24 - 11.642 | 0.739
12" PIP SDR 32.5 125 12.24 ©11.486 | - 0.720
12" IPS SDR 64 63 12.750 ©12.352°4 . 0.832
12" IPS SDR-41 - 100 12.750 | . 12.128 ] ~0.802
12" IPS SDR 32.5 125 12.750 11.966 0.781
12" IPS SDR 26.0 160 12.750 11.770 '0.756
12" IPS SDR 21.0 200 12.750 11.538 - 0.726 .
14" Nominal _ -- -- 14.00 1.069
14" PIP Lowhead 22 14.28 14.00 1.069
14" PIP 50 14.28 13.928 1.058
14" PIP SDR 51 ‘80 14.28 13.720 1.027
14" PIP SDR 41 100 14.28 13.584 1.006
14" PIP SDR 32.5 125 14.28 13.402 0.980
15" Nominal - -- 15.00 | 1.23°
15" PIP Lowhead - -2 15.30 |, 15:00 <4 - 1.23
istpp . " 50 1530 o 14392274 1,20
15" PIP SDR 51 - 80 15.30 14.700 1.18
15" PIP SDR 41 - . 100 15.30 - 14.554 | 1.15
15" PIP SDR 32.5 125 15.30 14.358 | "1.12

o
By
e
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Appendix 4

Waterhammer Consxderatlons for PVC Plpelme
in Irrigation Systems

ABSTRACT
WA‘TERHAMMER pressure develops

whenever flow: is changed. -Flow.

changes occur by operating valves, by
starting or stopping pumps, or by
sudden release of entrapped-air. Its in-
tensity depends upon the rate of
change. On occasion, it damages piping.
Waterthammer can be contained by:
adequate design; proper installation and
responsible use.

INTRODUCT ION

A good irrigation system; providing

satisfactory long term service, should -

have the lowest investment cost practi—
cal. An 1mportant part of any 1rr1gat10n

 system is the underground piping to de- -

liver the water from its source to the
irrigation means (ie. a spnnkler or the
like), Fig. 1.

Poly (vmyl chloride), PVC, is an in-
expenswe piping material which, like
any piping material, when adequately
designed, properly engineered, properly
installed, and responsibly used, will per-
form satisfactorily. The ways in which
waterthammer is restrained to within
acceptable bounds is a major considera-
tion too often ignored.

One purpose of this paper is to draw
attention to waterhammer, its causes, its

_extent and Ats

Ll s ;

an irrigation sys-
tem. '

Everyone has at one time or another
experienced waterhammer. You: licar it
when a spigot is suddenly. closed’—pipc‘s

~ shake and su-nultaneously emit a sharp,

hammerlike noise. Unbndled ‘water-

hammer often does more than just vi- water systern at.‘sonic velocmes-—an ef-

fect designated ‘waterhammer, see Figs.

brate and jar the piping; it impeses dam-
age’ to the system—sometimes to a con-
siderable extent, even to blowing pxpe
out of the ground Flg 2.

Article was submitted for publication in
‘November 1973; reviewed and approved for
publication by the Soil and Water Division of
ASAE in January 1974. Presented as ASAE
Paper No. 73-233.

The author is: W.R. SEIPT, Manager,
Sales Engineering, Certain-teed Products
Corp., Valley Forge, Pa.

1974 — TRANSACTIONS of the ASAE

W. R. Seipt

MEMBER
ASAE

PRESSURE REDUCING VALVE

powe & RATE OF FLOW CONTROLLER AIR RELIEF vpggasﬁzixge
vaTER / CHECK VALVE VALVE ECIER
/ —PRES su:e RELIEF . : v )
AR L'_‘] . ALFALFA
VALV
\ - chaveeagll; VA
R A . B L vre N\
.. VACUUM RELIEF : s
" VALVE :

FERTILIZATION
INJECTION

vFl_G. 1 Underground PVCvpiping irrigation system.

~ BASIC CONSIDERATIONS,

To understand waterhammer and its

“control, it -is necessary’to réview -the

basic physical principle involved. Water-
hammer occurs when water under pres-
sure in ‘a’ pipé line ‘is subjected to a
change in its rate of flow, (i.e. its veloc-
ity). The intensity .of the waterhammer
evidenced ‘as a surge in pressure, ‘de-
pends among other things upon’ the

rapidity with which the veloc:lty is al-

tered.

Water flowing through a pipe bears
energy. Part of this energy is kinetic,
due to the: velocn:y Part is potential, a
result of pressure. The sum of two en-
ergies (ignoring friction losses) remains
constant throughout the line. Simply
explained, whenever the velocity
changes there follows a change in
kinetic energy.:Since the:system does.

-not “essentially -gdin ¥or> IOse ncrgy, a

compensating charige decars i potentlal
energy with a corresponding change in-
pressure. Hence, when a valve is closed -

quickly and flow is brought to a rather -
-sudden halt; relatively high pressures de- :

velop on the upstream side of the valve.
This pressure-increase produces pres-
sure-waves -which - travel the | pipe -and

3and 4.
Since any change in water velocity

- produces a changé in pressure, the veloc-

ity change should be made gradually so
as to prevent excessive pressure in-
creases. P

CAUSES OF VARYING VELOCITY

Water -velocity in a pipe of constant

cross-sectional :area w111 vary due to any
one of the-following conditions:
' Closing a valve -
Opening a valve
‘Rythmic:valve operation
Statting- .a pump (especially a
centrifugal pump, with or with-
out a check valve in.the pump
. discharge)
Stopping a pump

-hb-imr—n

wn

[

6 Pulsation of an operating, re-
ciprocating pump
7 = Movement of air pockets along
a pipe line
8 " Sudden or rapid relcase of air-
from a pipe line
9  Sudden halt in flow when air
has been exhausted out of an -
air release value
10 Recombination after water-
s ;column S 'paratlon '

. : INTENSITY OF
WATERHAMMER PRESSURE

The increase of pressure in a pipeline
- full of flowing water due to a change in
water velocity can be determined by the
equation:

AP = Ca (AV)
E<Hlll|l! HIHIERH III'l,'I‘Hl!l!H 113 ;

=1 STATIC

NN .-‘))-5)-).\>)'/?v))f-"-)}'/}7)').‘,‘-\)).’i\))]‘/

=[ FLOw

g \\\_L;l/ \\';L/
5 cal

N e R R e
=[ snock

Flens
craa N
//,\\ L .

" FIG. 2 Watechammer generation.
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Where:

AP = pressure increase, psi

AV = velocity change, ft per
sec .

a = sonic velocity of pressure”
wave in pipe-water sys-
tem, ft per sec 7

C = w/144g, a constant

w/144 = weight, Ib per sq in. of a

_ 1-ft column of water

g = acceleration of gravity,
"32.2 ft per sec per sec

a= 12

/w 1
—_— - +
g \k Et

Where: 45.5 psi
K = bulk modulus of watcr,
300,000 psi o o
E = modulus of elasticity of “" EFFECTS FROM AIR MOVEMENT
pipe material, 425,000 psi 0.7143 PR= A very important factor affecting -
_ T.YPC_I I.’VC .. . waterthammer pressures is that due to
d = plpe inside diameter, in. .movement of air pockets The serious-
t :plpew:}l thlclggess, in. . _ness of entrapped Aair is not generally
vc_l = 3 lactor deperident on. pipes>e ";"‘reahzed nor  understood. ‘When “an- air
ns and poxssox; ' pocket becories siiddenly’ dislodged, as
i3 lp(:l mnalte?a by a stream of flowing water, the extent
PVC C, oeg;n ° chy 05 of changes in “local” fluid velocities and
L = ; ~afichore
both ends but free at mid- - \ i
. ER V TY CHAN
length for PVC C, e0_35) TABLE 1. WAVE VELocrrY w:ggggsgiggg WAT‘ R VELOCITY CHANGE |
d © SDR PR - a P ‘ av'
SDR-2= — 'OD/wall Pressure rating, - - Surge velocity ) Wﬁterhamm'ex. '_lnstant velocity
t ;. yatio - - psi. . ft per sec psi per AV change max, ft per sec
‘ 656 " 8l 1.6
using C; = 0. 91 f°f PvC type [ 43 - St + 2.1
: 41 .100 ' g:g .‘ }i.g gg
= v 2 1 T 14. X
2 5892 e 28" ‘166 1165 15.7 2.9
‘ SDR-0 4 43 and 21 200 1300 175" 3.3
, PR . 4000/(SDR-1)
ap= - 79224V SDR = Djt=(d/t)+2
SDR-0.443 a - = 58921/ SDR-0.443
‘ P = 79.22 AV/\/ SDR-0.443

The pressure (class) rating of PVC Type

I, Grade [ is determined by

4000 - -

PR — — —
(SDR-1)

Where:
PR pressurc (class) ranng, psi

L= dcs1gn hoop strcss, ps1 w1th a 21"

safety factor

EFFECT OF VARYI_NG VELOCITY
R (T restrict waterhammier pressure
‘to AP’ =0.2857 PR (based on a 2.8:1

safcty factor) thereby allowing the re-
maining portion of the class rating,-i.e.
0.7143 PR to represent the maxlmum
operating pressures.

4000 .-

T 4

FIG. 4 Pressure wave propagation quick valve closure. \

o, 1143
Hence AP = — ———_ =
- (SPR-1)
79.22 AV

-4/SDR-0.443
From which AV'

'\/SDR-0.443
(SDR-1)

" See Table 1.

Hence a sudden change in velocu:y of

©2.92 ft per sec (AV'=292) will
' produce a maximum waterhammeér pres-

sure in an SDR 26 PVC pipe of -~

AP=1567x AV =15.67x2.92= *

"AV' = 14.43\/SDR-0.443/SDR-1

NOTE: The instantaneous velocity change produces P = 0.2857 x _I;E
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FIG. 5 PVC pipe, type 1, grade I hoop stress
regression {at 73.4 F).

the corisequent waterhammer pressures
are often much in excess .of that

accounted for by the general theory.

Sometimes waterhammer pressures of
several hundred psi or more are believed
to develop. With PVC, as with any plas-
tic piping, the effect of air entrapment
is suspected to be more pronounced be-

‘‘cause’ air bubbles -appear to “stick”
‘more to plastlc surfaces, hénce’ the
‘quantity of air entrapped ata pamcular _

point would be greater than thit at sur-
faces of more wettable material. If such
is the case, the larger quantity of air

. when finally dislodged would have the
more devastating effect. For this reason,

it is most important to rid PVC piping
of air and to prevent air from getting
into the system. Avoiding or getting rid -
of air is particularly difficult for an irri-
gation system because of the- many
times throughout the irrigation season
the system is started and stopped.

" WATERHAMMER DAMAGE =

Unless steps are taken to restrict
waterhammer pressures, damage may
occur to one or many of the irrigation
system elements, such as pumps, valves,

or, piping. Depending upon thé intensity.
" " of the waterhammer pressure will deter-

S S
-mine the severity of the damagé. Plpmg“

-

may suffct‘a--hydrostatlc ‘burst, confined’

6" the"aréa of the watérhammer origin.

More often;however, the pressure wave
will propagate with little loss of inten-
sity ahead of an ensuing burst propaga-
tion, thereby- continuing to rend the
pipe up to that point where it meets
sufficient resistance to restrain its dam-
aging force.  Such 'a point of resistance

monolithic construction, i.e. one pipe.
length welded to the next or a pipe
socket welded into an adjacent bell, the .

resistance to. burst propagation is mini- -

mal” and too frequently the damagmg
force will continue on through one or
more such joints. Discontinuous joints,
represented by rubber-gasketed seals,
usually offer adequate resistance to stop
a burst propagation. While gasketed

Appendix_4

joints do not remedy waterhammer
damage, - at least they generally reduce
the extent of the damage considerably.

ADEQUATE DESIGN:
PVC SAFETY FACTOR

A very misunderstood concept in
PVC pipe design is its pressure (class)
rating, and the safety factor attended
thercto. The graph, Fig. 5, is a typical

_regression plot of PVC pipe, in which

the ordinate is the log of pipe wall
‘hoop stress in. psi and the abscissa is
the log of the time to failure, hour.
On this plot, when the stress is ele-
vated to 6400 psi (3.2 times the class
ratmg) the pipe will burst hydrostati-
cally in 0.018 hr (65 sec) or longer. If
. pressured to a hoop stress of 4000 psi,
burst will not occur before 100 000 hr.
If, however, the pipe is stressed at 4000
psi for a period less than 100 000 hi,
-.5ay--20 000 hr, it will still retain its ongl-

~nal. strength i.e. it will burst.at 6400 psi.
- atorinexcess of 65 sec.
Hence, the hydrostatic de51gn basis _

‘has been established as 4000 psi. Then,
by applying a 2:1 safety factor, the
hydrostatic design stress is 2000 psi.
Based upon the ho’op' ‘stress formula; the
pressure (class) rating of the pipe is de-
“termined from a hoop stress of 2000

Psi.

Thérefore -after 10 years'at the pres-
""sitte rating, it ‘can be said with certainty,
and ‘éven-after 100 years at the pressure
rating it is reasonable to expect that

.PVC Type 1, Grade I pipe will still retain

-all of its original strength.

Many manufacturers of PVC pipe ad-
vocate the use of a 2:1 safety factor,
which means that they promote the use

“ may be at a joint. If the joint is of of their ‘pipe at a maximum operating

pressure ‘equal to the pressurc (class)
rating of the pipe. No provisions are
thereby made to allow for waterhammer

pressures  within the pressure (class) -

rating of the pipe. However, we at
Certain-teed believe strongly that the
maximum operating pressure plus surge
allowance should not exceed the pres-

'sure “(class)’ rating. Experience has

taught that a 2:1 safety factor is not

TABLE 2. PVC MAXIMUM OPERATING
PRESSURE FORMULA

HOOP STRESS - 11000 PSI)
~nN

—_ 'HDB/S.F.
MOP = —m—
: (D-t)/2t
4000/2.8
(SDR-1)/2
143_0
(SDR-~1)/2
2860
=
SDR-~1
MOP = Max. operating pressure, psi.
HDB = Hpydrostatic design basis, psi.
S.F. = Safety factor
D = Pipe outside dia., in.
t = Pipe wall thickness, in.
SDR = Std. Dimensional Ratio

adequate. For irrigation pipe, we recom-
mend the maximum operating pressure
not exceed 72 percent of the pressure
(class) rating. This corresponds to a

- hoop stress of 1430 psi, or a safety fac-

tor of 2:8:1, see Table 2. .

- Hucks (1972) has:shown that PVC
exhibits also. a cyclic stress regression
curve, completely -independent of the
steady-state regression curve already dis-
cussed. Wilging(1972) in discussing
Hucks’ paper, graphically depicts the
2.8:1 safety factor, Fig. 6.

Usmg a 2.8:1 safety factor with a
maximum hoop stress of 1430 psi plus 2
peak cyclic stress of 570 psi on top of
that (a total of 2000 psi stress), the ex-

_ pected number of cycles to failure is

500 000. With an irrigation service life
of 50 years, and a growing season of 80
days per year, this would allow 120
cycles per day, a factor probably 10
times that expected. Hence a 2.8:1
safety factor appears adequate. ‘
In designing an irrigation system, it is
important therefore to select pipe of an
adequate pressure (class) rating. For ex-
ample, if the maximum operating pres- -
sure is 90 psi, then a pipe of 125 psi
rating (SDR 32.5) would be selected in
order to provide a 2.8:1 safety factor.

[ -
N Wb N

15 HOOP STRESS AT 281 SAFLTY FALTIR — =~ - =

0% w0 0* [ [
CYCLES TO FAILURE

FIG. 6 PVC pipe, type I, grade [ hoop stress
versus cycle to failure.



TABLE 3. PVC MAXIMUM OPERATING
PRESSURE ~V5~ SDR"

SDR PR MOP
OD/wall Pressure Max. operating
ratio (class) rating pressure psi

81 50 . 35

51 80 55

41 : 100 : 70

325 125 : 90

26 160 115

21 200 145
SDR = Dft
- 4000
PR =
. SDR-1__
MOP = 0.71xPR

= 2840/(SDR-1)

D = “Pipe outside diameter, in.
t = Pipe wall thickness, in.
QR = Standard dimensional ratio
PR = Pressure (class) rating, psi. '
MOP =

Maximum operating pressure, psi.

The Table 3 of maximum operating

pressures, comply with the 2.8:1 safety '

factor: .-

‘Low head (50—&) u'ngatxon pipe
should be used only for -gravity flow
systems, and- should not have a valve in

-the discharge end of the line. Where a,

head gate or an entrance valve is used to
stop or throttle flow, a vacuum-breaker

“valve: should be installed immediately

downstream from the entrance valve.

ADEQUATE DESIGN:
VELOCITY AND PRESSURE

Waterhammer pressure due to closmg
a valve: the time requu-ed upon closing a
wvalve for the pressure wave to travel
from the valve to the pressure source
and reflect back to the valve is given by
the equation:

o sec
"L = Length of Line, ft
a = “sonic" velocxty of pressure

wave, ft pér séc
The maximum waterhammer pres-
sure will occur at the closed valve pro-
vided the time to complete valve closure
is less than 2L

a

The amount of waterhammer pressure,
the pressure increase, is constant and

maximum for valve closure times equal

to or less than the critical time:

< 2L

a

a7n

puMP T @
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HYDRAULIC GRADIENT { PUMP "ON" GATE VALVE(G) CLCSED)
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FIG. 7 Pipcline valving.

= Where'

T = valve closure time, sec

Since " the: maximum waterhammer
pressure- possible at the closed: valve
occurs when valve closure time doés not

- exceed

2L -

a

! the crmcal tlme “of valve closure which
_ produces a_ maximum waterhammer

pressure rise becomes of interest. As the
following summary for PVC pipe shows,
this close-time period increases with in-
creasing length of pipe line.

The critical flow-stoppage time, T,,

" in seconds yielding a maximum increase

of waterthammer pressure at the valve is
shown in Table 4 for various pipe SDR’s
and pipeline lengths:

By stopping flow at rates slower than
critical time, waterhammer pressures

will be reduced from their. maximums.
Charts and graphs are available to deter-
" mine the time of flow-stoppage for vari-
.,ous wvalve types and flow conditions

R w1|l ide acceptable water-
critical valve closure time,.: which provide acceptab

hammer pressures (Kephert and Davis

hd

1961, Kerr.1958). However, some indi-
cation of valve closure time to.obtain a
percentage of the maximum water-
hammer pressure (force) aVv

g

may be obtained by, first determining

- the pipe-line constant, P_:

AW LEAY av
¢ \2gpo 144 148.8Po
5892

for PVC

& Since a =

SDR-0.443 -

) v 39.6
P, =
Po Vv SDR=0.443
Where:
P, = plpelme constant
a = “sonic” velocity of pressure

wave, ft per.sec

TABLE 4. CRITICAL FLOW STOPPAGE TIMES ~VS~ SDR

.~ .SDR , a Tc = 2L/a, seconds
©.ODfwall  Surgevelocity, . ' K
ratio ft per sec. L=1G0 ft L=1000 ft L=19.000ft
81 - . 656 0.31 3.05 30.5
51 - 829 0.24 2.41 24.1
41 925 0.22 2.16 21.6°
325 1040 0.19 1.92 19.2
26 1165 0.17 1.72 17.2
21 1300 0.15 1.54 154 -
a= 5892/ SDR~0.443
'SDR = Std. diniensional ratio -
a = Surge velocity, ft per sec
Te = Critical Qow-stoppage time, sec
L = Pipeline length, ft
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V = velocity of pipeline flow, ft
- per sec
P, = pipeline Apl"essure before
valve closure, psi
g = acceleration of gravity, 32.2

ft per sec per sec
Generally when closing a valve, most

- of the flow is stopped between one-

quarter and three-quarters of valve clo-
sure. Hence, actual valve closing time is
twice that given by 2L

L . T =

a

Therefore, the actual valve closing
time to produce critical flow-stoppage is
approxlmately = 4L

a

sec: But to reduce the surge by four-

fifths the maximum (i.e. to 20 percent

of -maximum) the above mentioned

“‘charts show that valve closure times
‘must be increased by multiplying the

critical flow-stoppage time; T,, by the
following factors, N:

“When P, N -
1 64
10 11.6

Hence, valve closing times should be
those shown in Table 5.

Not only is it importént- in design,
but in actual operation as well, to'insure
that value closing times be of the order
of magnitude shown in Table 5. One

‘means for ensuring safe waterhammer

pressures is to limit the maximum vel-
ocity in the pipe line. Also shown in
Table 5 (second column) are those vel-
ocities which will produce a maximum
waterhammer pressure equal to 20 per-
cent of the pipe’s. pressure (class) rating.

Hence, we recommend that the design

watgr-velocity when operating at system

.capacity does not exceed 5 ft per sec,
‘unless additional measures or, angillary

equipment are used to ensure water-
hammer pressures not in excess of 20
percent pipe’s pressure (class) rating and
that in no case should the velocnty
exceed 10 ft per sec.

ADEQUATE DESIGN:
AJR RELIEF

Air trapped in a water line can, and
often does, spell trouble. If trapped at

“the-top-of a rise, it can seriously impede

flow.

Air is compressible and, if carried
along a pipeline can act like a spring,
being compressed at the bottom of a
draw and expanding at the top of a rise.
Such alternate compression and expan-

Appendix 4

TABLE 5. VALVE CLOSING TIMES ~VS~ SDR

_ entrapment dun

SDR \'% Valve closing time, T, seconds
ODJ/wall Max. vel. change,; —1=1000 £¢ 1210000 ft
ratio - 1t per sec Pc=1 Pe=10 Pe=1  Pec=10-
81 5.7 19.5 35.4 195 354
51 7.2 15.4 28.0 154 280
4] 8.0 14.0 '26.0 " 140 ‘260
32.5 9.0 12.3 22.3 123 . 223
26 10.2 11.3 20.5 113 2056
21 11.4 9.9 17.9 99 179
fe N
1 6.4
10 116
T = N(2L/a)
Pc = (VIPO)(39.GI\/ SDR-0.443 )
V' = 50.5\/SDR-0.443 /(SDR-1)
5 Pipe line constant | )
P o= Pressure in pipelin-e (before vaive closure) psi.
V =  Velocity in pipe line, ft per sec
\' = Max. velocity change producing waterhammer, P=0.20 PR,

as by valve closure times shown

sion produces velocity fluctuations and
pressure variations which, if great

enough, can produce sérious water-

hammer pressures.
Investigations of asbestos-—cement
pipelines have, for example, indicated

_ that a sudden release of entrapped air

can produce pressure increases which
may be as much as 10 times the normal

operating pressure of the lines. Similar

magnitudes of pressure increase in PVC
are believed also to occur—as witnessed
when damaged pipelines were examined.

Water-column separation can also re-
sult in excessive waterhammer pressures
when the separated column rejoins at
high velocity. Furthermore, when the
minimum pressure at any point in a line
drops to the vapor pressure of water,
the waterhammer solution is no longer
valid. (Kephert and Davis 1961)

To prevent damiage as a result of air
mtlal filling of a
pipeline and to keép air'from getting in-

"to the line from operating pumps, provi-

sions should be made to remove air
from the line at all high points. Com-
bined air-relief and vacuum-breaker
valves should be located at high pomts,
(A), (B), (D), and (E) indicated in the
diagram, Fig. 7.

A pressure-relief wvalve at (F) will
limit waterhammer pressure which
might result from too rapidly closing
the gate valve—at the right end of the
diagram. A flush valve (C) will help re-
move possible debris from the line’s low
point.

Reasons for locating the several com-
bined air-relicf and vacuum-breaker
valves are as follows:

1 Air has a tendency to accumu-
late at crests and along the downstream
side of the crest. Hence, several air vents

should be located downstream of the
crest and vented, through a manifold,
into the air release valve located at the
crest. h

‘2 The valve at (A) is to_eliminate
air from a ‘deep-well-pump column at
startup and limits waterhammer at the
check valve.

3 The valve at (B) is to’eliminate
air betweer the pump and (B) ipon ini-
tial line-fill,” to vent ‘air acéumulation
with the system in operation under, spres-
sure and to avoid column separation if
the pressure should drop below atmo-
spheric.

4 The valve at (D) is-to eliminate
-air between (C) and (D)and to avoid
column separation.

5 The valve at (E) is to ehrmnate
air between (D) and (E) and to avoid
possible pipe collapse (in the case of

* thinner wall pipe, such'as-SDR 32.5 or

“higher (SDR) due to high water velocity
which may exist going through the gate
valve at the:downstream end of the line.
(Sturm 1970, Lescovich 1972),

In many instances, manually oper-
ated globe and gate valves haveé been in-
stalled on pipclines to ehmmate air at
hlgh points. While cheaper than com-

bined air-relief and’ vacuum-breaker
valves, their use should be discouraged
because they must be opéned (and
closed) manually. The automatic protec-
tion provided by the more sophisticated
air-relief ‘and vacuum-breaker valves is
well worth their additional ¢ost. Per-
formance proves it. '

If a line is laid in relatively flat
terrain, provide at least three combined
air-relief and vacuum-breaker valves.
One should be in the pump discharge
line ahead of the check and gate valves.
A second should be near the middie of

ane



 a small amount .of gradient develop -

'ng facxhtzes, must consider the follow-
:r'ing features'to ensure satxsfactory -per=-

the line and the third at the downstream
end of the line. If several laterals take
off from the main supply line, each one
should have a combined air-relief and
vacuum-breaker valve at its outermost
end.

Everett (1967) points out that: “a
popular misconception concerning
waterhammer in a pumping system in-
volves the relative gradient and system
pressure. It is assumed that a low flat
gradient and a low pressure will mini-
mize the shock pressure. Conversely, a
steep gradient and a high pressure on
the system will produce an excessive
shock pressure. This misconception
should be reversed. Long flat lines with

more shock pressure and are more sus-
ceptible to line failure than steep gradi-

i entsat high pressure.”

ADEQUATE DESIGN:
PROTECTIVE EQUIPMENT

Many installations of PVC piping are
supplied by motor-driven centrifugal
pumps. .These will be either horizontal-

shaft pumps or vertical-shaft deep well

turbine pumps, both driven by constant
speed squirrel cage induction motors. In
general, 10HP and smaller will have
full-voltage across-the-line starter units.
Motors of greater horsepower will gener-
ally be provided with reduced-voltage
starting. Hence, a pump-control of the
flow in such cases is not possible. Flow
control can be achieved by the opening
or closing of a gate valve in the pump
discharge, but must be done slowly and
with due caution to the operating char-

* acteristics of the pump—drive system.
‘The designer of a PVC piping system *
phed by.the above mentloned pump--

R

formance: :

‘1 Remove air from the line as it is
being filled using automatic air-removal
‘valves, properly sized and located at:

(a) the pump d:schargc

(b) high points in the pipeline.

(c) the downstream ‘end of the
plpelme

2 Remove. air from the riser plpe
on deep well turbine pumps at start-up
by a suitable air removal valve.

3 Provide pressure-relief valves at:

(3) ahead of the gate valve in the
pump discharge line.
(b) at the downstream end of

the pipe lines.
4 It may be necessary to install
surge arrestors or automatic pressure re-

the . point, of z

ducing valves at: -
(a) Ffow regulators.
(b) pump discharge.

5 It may be necessary to provide
flow controllers so as to keep down the-
rate of filling and to reduce the start-up
surge in a filled lined at:

(a) ~pump discharge.
(b) at downstream end of pipe
line.

6 Always use a non-slam and pre-
ferably a controlled closing-rate check-
valve at the pump discharge

7 Besides protcctmg the pipe at
pump start-up, provisions should be
considered for reducing waterhammer at
pump shut-down or at emergency shut-
off as can occur from a power outage.

8  When shutting the system off,
especially if it is to be started up again
within several hours, the system should

be designed, if possible, so as to keep .
" out all air, then restart can begin with a

completely, water-filled system.

9 Where the level of draw-down
in the water supply can drop below that
of the pump intake-line, air could be
drawn in. This should be avoided and
can be accomplished by the use of a
pump-feed level-control.

10 The pump drive should operate
at a relatively constant speed and not
capable of suddenly racing to excessive

" speeds. A drive provided with throttled

speed control is an advantage at start-up

-and at shut-off.

Check valves are used to protect the
pump and drive from damage by a flow
reversal and/or waterhammer. To protect
the pipe line, use a non-slam check valve
at a centrifugal-pump discharge so as to
limit waterhammer pressure to a mini-

‘mum.. The check valve should close at
'veloc1ty, before the
wave retums from the .-
downstream end. For even further pro-
tection, a surge-rehef device (pressure- .

reﬂectcd surge

relief valve, surge chamber, etc.) should
be located just downstream of the check
valve.

Each type of irrigation system has its
peculiarities of operating pressures and
potential for surge which must be taken
into account. Every system must ‘be
analyzed in the light of its own perfor-
mance behavior and requirements,
allowable water velocity, hydraulic gra-
dient and pipeline profile (especially
that leaving the pump discharge), pipe
diameter, pipe wall thickness, and the
needs for protective equipment selected
to provide a satisfactory, economic
system. '

Where waterhammer pressures could
develop with sufficient magnitude to

damage PVC pipe, joining methods

should be considered having one of the
two followmg posstbihties

1 Use gasketed joints to confine

the damage.

2  Where solvent-weld joints are
used, install gasketed joints periodically
to restrict -the length of line damage

should excessive waterhammcr pressures

develop.

While the use of air chambers can
protect a line by limiting waterhammer
pressures, they must be properly sized,
correctly located and adequately main-
tained. - :

Pressure relief valves are actuated by
a small increase in pressure above a pre-
set value. They open to discharge water,
thereby relieving pressure somewhat and
restraining its build-up to a degree.

Since there are many appurtenances

for- pipeline protection and because of

the varied flow conditions associated

- with -a pipeline system, calculations. to
-. determine .and control waterhammer

can be complex. Analysis and treatment.
. of the problem must be tempered with

judgment and experience. This paper is
concerned - essentially with elementary

- elastic wave theory to determine the

magnitude of waterhammer pressures. It
is- limited in its application to single.

of waterhammer pressures and asso-
ciated variations in lines supplied by
pumps or supplying. turbines cannot be’
adequately treated in a paper as limited
in scope as this one.

An excellent treatment of valves used
for surge control has been given in an

article by Weaver (1972). Additional
references. are also. given . (Ref: .Com-
.mercral Catalogues)

PROPER INSTALLATION

‘Properly -installed pipe is a subject
not to be ignored or overlooked, but
will not be covered to any extent except
to note that it should be ‘done by
accepted practices and in"such a way as
to permit safe operation. PVC pipe, like
any piping material should be handled
and treated with reasonable care. Rough
handling, dropping the pipe, allowing it
to strike or be struck by-objects either
before or after installation can seriously
damage and weaken the pipe. Such im-
pact. \damage,

ent is stcep, laying the pipe closer to
grade will help to reduce the accumula-
tion of air pochts More detailed in-
struction in pipe line installation can be
found in several references noted (SCS

TD ANCANTINNG ~f el ACAT 1071

unfortunatcly,v is - not
always apparent. If the pipc linc gradi-" -

i~
o

C %
lines of constant ¢ross-section, contain- ' A)
ing valves and gates. The determination: ’
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432-D, SCS 432.E, ASTM D 2321,
ASTM D 2774).

RESPONSIBLE USE

A very important factor in the re-
sponsible use of an irrigation system is
proper system start-up. With an empty
pipe line, fill as slowly as possible, ob-
serving the following cautions:

1 Never completely closc the gate
valve in the discharge of a deep well tur-
bine type pump, because of the exces.
sive shut-off head that develops.

2 Open all manual valves except in
the pump discharge. Start filling the line
slowly. It is suggested not to fill at a
velocity in excess of 1 ft per sec. If it
should be necessary to interrupt pump-
ing while in the process of filling a pipe
line, upon restart slow down the input
rate even more (a velocity of 1/2 ft per
sec maximum is recommended). When
restarting into a partly filled line, the
appraching steep water front (i.e. the
approaching wall of water) may slam in-
to the back of a stationary wall or into a
more slowly moving water boundary
with sufficient force to cause a rapid
slow down of advancing water rate, par-
ticularly if air becomes entrapped be-

- tween the fronts, and often results in

' damaging waterhammer pressures.
3 When water begins to discharge
from the.downstream end, there will
most likely still be pockets of entrapped
air. Continue to pump water through at
a slow rate until no air is evident for at
least a fifteen minute period. Then, if
possible, shut off the pump while clos-
ing the system to keep air from getting
.in. Wait about 15 min before starting to
pump again. Maintain the slow rate of
flow until no air can be seen or heard at
the discharge end for a least 15 min.
4. Close all manual valves slowly so
as to increase the pressure slowly to the
“full "operating line pressure, taking at

least 10 min to do so. For larger diame-

ter pipe (6 in. or larger), for longer lines
(more than 1000 ft) and for the higher
operating pressures (in excess of 100
psi) proportionately more than 10 min
should be taken to bring the pressure
up
No valve should ever be closed in less
than 10 sec (i.€. no less than 5 sec from
one-quarter to three-quarters closed),
preferably ‘30 sec or more would be a
| far safer valve-closure time.
~ Starting to pump into a filled line re-

. quires that velocity buildup and its

attendant pressure rise be done gradu-
ally. The water should be started into

Appendix 4

the linc slowly by either manual control
or by automatic control and once
assured that the linc is free of air, the
flow should be increased at a rate slow
enough to limit waterhammer pressure.

Many times an irrigation system will
be interrupted momentarily (i.c. shut
off for a period of from 10 min to possi-
bly several hours). It is just as important
then to slow down flow as when slowly
increasing flow at start-up. In so doing,
close all valves to keep water in and to
kecp all air out. Then when restarting, it
will not be necessary to repurge the line
of air.

When stopping an irrigation system
at any time for any reason, it is just as
important that it be done with the same
due care and caution as that for start-
up. However, provisions should be made
to assure protection from excessive
waterhammer pressures, automatically
at emergency shut-down (as by power
outages, etc.) While such automatic
means are protective, they generally do
not reduce waterhammer pressure
enough to be relied upon for repeated,
routine shut-offs. In such cases, addi-
tional manual slow down or automatic
throttling should be employed.
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Tl Programmable
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PROGRAM DESCRIDTION

Printer _

_Cards 2 _sides

This program finds the vertlcal deflection of a flexible pipe, based on the magnltude
of the live load applied a2t ground surface and the dead load of the soil on the pipe.
The Modified Iowa Equation isBused to find the vertical deflection in the plpe.
Ay =pax = DB/ where WC = WDP + WL and D = 1.5
' EI +7.061(E‘)r ’ 12
: : and K = 0.10
and WL = Q:L8(P)(BC) and WDP = H(w)(BC)
H ‘ : _
. v USER!NSTRUCTIONS .
STEP PROCEDURE - - ENTER: PRESS DISPLAY _
1. | Insert Mag Card 2 sides "1, 2 1., 2. .
2. | Input height of fill over pipe, in feet ' -B Prints H'
.3. quui outside pipe dlaméié};_lﬁ feet _ . __;C“'  |Prints BC _
k. Input 5811 unlt welght, in peunds per cubl‘ feot D Prlnts UNWT“
5. Input concentrated'llve load at ground surjace, 1npounds  E :Prlnts P
6. Input Modulus of 5011 Reactlon, inpsi. ' 2nd| A --Prlnts E'
(See Table on Sheet 2) _ o ' ‘
T Input Nodulus of Ten511e Elastic1ty of plpe, in psi 2nd | B Priuﬁs'Ewr
— __- PVC ...... E =" hOO mo pSl S . ~ - . . - . . ol
— ~__b.._Steel B =29, OO0,00Q psi_. - N I .
8. _Input wall thlckness of pipe, in 1nches L 2nd | C | Prints T
9. | Input impact factor for live load : o 2nd| D |Prints IF
T 7'|"a. Select Value betweén 1.1 and 1.5 for soil cover B '
e« | -—-. less than.l; feet over pipe - - :
b. Select value of 1.0 for depths greater than h feet
10. | To begin Calculations and to print out the follow1ng~ ' A ~
—-= | .a.---Live Toad (WL): t 1pe ‘dept %in‘#{iin; 't T I R | Prints WL~
=] bes Dead Loadr (WDP): at plpe ‘depth; in#/1ih. fto . ‘| Prints WDP
| e.”Tot#l 1oad (WC) at!pipe depth, in- -#/1ih. 1nch ' | Prints WG
— {. do-- Amount of: vertlcai deflection in inches- -:- e Prints DEFL
______ €. Amouu@Lof_yertlcal deflectlon, in perc%nt of dlameter | Prints #DFL
USER DEFINED KEYS DATA HEGISTERS(Z@ s D LABELS (Op 08)
’ 0o o W _ R E
R i 1 7o __[VE_ {0 &GS 5T
¢ 2 2 O M _E_m_X_
. . - BE_D_®_F_&_TO_
£ o 4 M= _=E_m-cn EEOER
N : - oM@ M _ET_ER_ 3
. E_m_ . EE_RED.
® . ¢ 8 s T v B <=t R - D & SO T
. 2N 7 OF_ BB E B3 ED
o ks s (o BN o D O 1 O v O 2
¥ . .: 9 ¥ . 9 L '
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TTLE__ EXTERNAL LOAD DESION  PAGE_2 OF_2 | Pogremmable
PROGRAM‘VIER _Karl Larson __ DATE_ March 1982 Pr ogram Record

TN Partitioning (Op 17) lh,7,9 5,9! Library Module No Printer_Yes__ Caras_2 Sides

AVERAGE VALUES OF MODULUS OF SOIL REACTION, E’
' (For Initial Flexible Pipe Deflection)

E’ for Degree of Compaction of Bedding,
in pounds per square inch

: Slight, | Moderate, | High,
-oTm o T . <85% | 85%-95% | >95%
: Proctor, Proctor, | Proctor,

<40% | 40%~-70% | >70%

& Soil type-pipe bedding material relative | relative | relative
: (Unified Classification System?*) '} Dumped | density density density
: (1) (2) 3) {4) {5)
Fine-grained Soifs (LL > S0)*
Soils with medium to high plasticity : No data available: consult a competent
'CH. MH. CH-MH._ ’ soils engineer: Otherwise use E* = 0 ,
Fine-grained Soils (LL < SO) - : . :
STEP| Soils with medium to no plasticity CL. ML. z8S DISPLAY
ST B i ML-CL, with less than 25% course-grained . ' c
S —— . particles 50 200 300 1.000

Fine-grained: Suils (LL < im
Sonk with medium to no plasticity CL. ML.
ML-CL. with more than .5’7r course-grained ) 1
p.mucles . 100 400 1.000 2,000
» T Course-grained Soils with Fines ] -
GM, GC. SM. SC+ contains more than 127 fines

Coars"e-gmi d Suils with Little or No Fines . -
7 GW. GP. SW. SP¢ contains less than 12% fines . 200 1.000 2.000 3.0xx)
- == Crushed Rock 1.0 3.000 3.0 3.000 i -
. A _; Accuracy in Terms of P_ercenlage Deflcction® - =2 =2 =1 =0.5
T *ASTM Designation D-2487. USBR ‘Designation E-3. .
Nobeeee lei—— .. *LL.= Liquid limit. N T
P <Or any borderline soil beginning with one of these symbols (i.e.. GM-GC. GC-SC). .
' U 9For =1% accuracy and predicted deficction of 3%. actual defiection would be between 2% and o
4%. P -

Note: Values applicable only for fills less than S0 ft (18 m). Tuble does not include any safety
factor. For use in predicting initial deflections only. appropriate Deflection Lag Factor must be applied
for long-term deflections. If bedding falls on the borderline between two compaction citegories. select
lower E’ value or average the two values. Percentage Proctor based on laboratory maximum dry
density from- test standards using about 12.50( ft-lb7cu ft (595.000 J/m*) (ASTM D698, AASHO
T-99. USBR Designation E-11). 1 psi = 6.9 kN/m?,
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U. S. DEPARTMENT OF AGRICULTURE

COMPUTATION SHEET
SOIL CONSERVATION SERVICE

SCS~ENG~523 Rev. 8-69

W STATE Tdaho PROJECT 101 Jobs
: BY ) DATE CHECKED BY DATE JOB NO.
KDL 4/2/82 :
SUBJECT .
External Load Desian sHeer__ 1 _orF__1

EXAMPLE PROBLEM

: . Given: Height of Fill over Pipe = 4 feet.
-~ Qutside Diameter of Pipe = 1 foot.
Unit Weight of Soil over Pipe = 120%/ft3.
Live Load of Ground Surface = 10,000".
Modulus of Soil Reaction = 700 psi.
Modulus of Elasticity of Pipe = 400,000 psi.
Wall Thickness of Pipe = 0.299 inches.

Impact Factor for Live Load = 1.2.
. Procedure
1. Input the given values in accordance with instructidns in Appendix 5.
RN 2. Press A.

3. Calculator prints out:

360%/Tin. ft.

a. Live Load

b. Dead Load = 480%/1in.ft.

c. Total Load = 70#/1in. inch.

10.25 inches.

d. Vertical Deflection

e. Vertical Deflection = 2.055% of Pipe Diameter.



PISELINE DESIGN ' Appendix 6
TITLE _GENERAL WATERHAMER ANALYSTS  pace_bL_oF_L _  T| Pogrammable {v

PROGRAMMER _West NTC/ Larson .DATE Jan 1983 - ?FG Qm ReCQ’O
- Pamtiomng (Op17) 03,9 3.9} Library Module _ ‘o S Printer PC1C0 C  cargs 3 Banks
S PROGRAI DESCRIPTION
MODULUS OF ELASTICITY FCR SOME COMMCN PIPING MATERIALS
Ashestos-Cement 3,000,000 psi
Cast Iron 15,000,000
Ductile Iron 2L, 000,000
PVC - 400,000
Y Polyethylene 100,000
Steel 30,000,C00
USER lNSTRUCTlONS : .
_ STEP ' PROCEDURE - ENTER PRESS DISPLAY
, ‘(. .
USER DEFINED KEYS DATA REGISTERS (wvj B8 ) ' LABELS (Op 08-)
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